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(74) [Attomey(s) Representing All Applicants] 
[Patent Attorney] 
(57) [Abstract] 

[Objective] It offers polysiloxane which includes transition me 
tal element to which loss of light issmall over visible light, or 
near infrared region ftirthermore it is superior in theheat 
resistance, shows nonlinear optics characteristic in molecule 
and optical waveguide part which uses that. 

[Constitution] It is shown with (Chemical formula 1) General 1 
ormula 

[Chemical Formula 1] 



(In Formula, Rl shows phenyl group , deuteration phenyl groi 
p or halogenated phenyl group whichare displayed with alkyl 
group , deuteration alkyl group or halogenated alkyl group , or 
C6 Y5 which are displayed with CnY2n+l. ) With containing 
transition metal element of any 1 kind which is selected from 
insidethe repeat unit and titanium , chromium , manganese 
and iron and palladium which aredisplayed in molecule, 
polysiloxane which becomes. And optical waveguide part 
which uses polysiloxane as core component. 



HI 1 




[Claim(s)] 
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[Claim 1] It is shown with below-mentioned (Chemical fomiula 
1) General Formula 

[Chemical Formula 1] 



(In Formula, Rl shows phenyl group , deuteration phenyl groi 
p or halogenated phenyl group whichare displayed with alkyl 
group , deuteration alkyl group or halogenated alkyl group , or 
C6 Y5 (As for Y hydrogen , deuterium or halogen element 
)which are displayed with CnY2n+l (As for Y as for hydrogen , 
deuterium or halogen element and n positive integer of 5 or 
less). ) With containing transition metal element of any 1 kind 
which is selected from insidethe repeat unit and titanium , 
chromium , manganese and iron and palladium element whicl 
aredisplayed in molecule, polysiloxane which designates that it 
becomes asfeature. 



[Claim 2] Optical waveguide which designates that it constitute 
polysiloxane whichcontains transition metal element which is 
stated in Claim I in molecule, as thecore component of optical 
waveguide using as feature. 



[00 0 1 1 
[00021 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards useable 
polysiloxane-based optical material and optical waveguide part 
which uses that in waveguide etc for optical integrated circuit. 

[0002] 

[Prior Art] As substrate of optical component and optical fiber, 
light transport loss is small, thingssuch as quartz glass and 
multicomponent glass or other inorganic type is used generally 
from fact thatthe transmission band is wide. In optics medium 
of these, it is possible, to reveal nonlinear optics characteristic 
whichbecomes foundation of high speed optical switching and 
optical modulation by containing the semiconductor 
microparticle and metal oxide or other dopant, so far 
semiconductor microparticle and dope is done glassetc which 
have been researched metal oxide. In order to pull out 
satisfactory effect, it is necessary to add dopant ofthe high 
concentration to uniform in optical component or fiber. In 
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case of fiber, you can expect same effect as making highly 
concentrated bymaking portion which includes dopant long, bu 
when it is a flat type optical waveguidewhere two-dimensional 
size is restricted, dopant extraordinary difficulty 
accompaniesthe fact that it adds to high concentration and 
uniform, for example sol-gel method can be listed as method 
which has possibility which cansolve this problem, ( for 
example Hoshino and others and degree of 1991 Institute of 
Electronics, Information and Conununications Engineers 
abstracts 4 - 232, D.J.DiGiovanni and others andOFC'91 WA2). 
This method can be applied, precursor of glass material can be 
acquired bycausing hydrolysis * condensation polymerization in 
uniform solution with metal alkoxide and metal chloride as 
thestarting material. According to this technique, to produce 
quartz film which at same timeis contained in uniform it is 
possible dopant to high concentration, butexfoliation from 
cracking and substrate occurs, because of thisformation of 
quartz film where flm thickness is large is difficult. To other 
than glass type, also optical material which designates plastic 
asthe substrate is developed. As for these plastic optical 
material, fabricability is good in comparison with inorganic 
type, itis observed from fact that it has or other feature where 
the handling is easy. But, as for these plastic optical 
component attenuation extent of light which transmits 
theinside in comparison with inorganic type is large. There is a 
deficiency that loss of namely, light becomes large. In addition 
it is necessary to mix element which becomes cause ofthe 
dopant in shape of ion or organic chelate in introduction of 
thedopant to polymer, there is a deficiency that uniformity 
and preparation efficiency arebad. In addition, as for organic 
type polymer there was a problem that heat resistance islacking 
generally low in reliability . 

[0003] 

[Problems to be Solved by the Invention] As for object of this i 
nvention, being something which cancels problemin Prior Art 
which description above is done, it is to offer thepolysiloxane 
which contains transition metal element to which loss of light is 
small overthe visible light, or near infrared region fiirthermore 
is superior, shows optical property ofthe nonlinear in heat 
resistance in molecule and optical waveguide part which uses 
that. 



[00 04] 



[0004] 

[Means to Solve the Problems] As for these inventors of repeati 
ng diligent investigation * research in order to solve theproblem 
in above-mentioned Prior Art as for result, titanium , 
chromium, manganese, iron or palladium or other transition 
metal element high concentration , youdiscovered fact that at 
same time it can contain in uniformin polysiloxane molecule, 
you knew that high performance polysiloxane-based optical 
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material which is used for ideal for thewaveguide etc for optical 
integrated circuit which is made object of this invention 
becauseof this is acquired. 1st of this invention being an 
invention of polysiloxane which includesthe transition metal 
element, is shown with below-mentioned (Chemical formula 1) 
General Formula 

[0005] 

[Chemical Formula 1] 



I 

•S 
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[0006] (In Formula, Rl shows phenyl group , deuteration phe 
nyl group or halogenated phenyl group whichare displayed with 
alkyl group , deuteration alkyl group or halogenated alkyl 
group , or C6 Y5 (As for Y hydrogen , deuterium or halogen 
element )which are displayed with CnY2n+l (As for Y as for 
hydrogen , deuterium or halogen element and n positive 
integer of 5 or less). ) With it is a polysiloxane which contains 
transition metal element of any 1 kind which isselected from 
inside repeat unit and titanium , chromium , manganese 
andthe iron and palladium element which are displayed in 
molecule. 2nd of this invention being an invention regarding 
optical waveguide part, is theoptical waveguide part which it 
uses polysiloxane which includes transition metal element 
ofabove-mentioned first invention, as core component of 
optical waveguide, these inventors first polymer which 
possesses repeat unit which is displayedwith General Formula o 
(Chemical formula 1) refractive index control being easy, 
furthermore wassuperior in heat resistance, it was something 
whose influence of OH vibration absorptionwhich in addition 
accompanies absorbed moisture is little, discovered factthat it is 
superior as plastic optical waveguide, ( Japan Unexamined 
Patent Publication Hei 3 - 188402 disclosure and Japan 
Unexamined Patent Publication Hei 4 - 157402 disclosure ). 
this invention in same way as invention of prior application of 
theabove-mentioned these inventors transition metal element 
high concentration , be able to acquire thepolymer which at 
same time is contained in xiniform, it issomething which 
designates that it makes optical waveguide part which can do 
theoptical switching and optical modulation making use of this 
as basis. With method of namely, above-mentioned prior 
application, mixing transition metal elementand organic 
chelate to plastic, regarding to this invention in order to usevis- 
a-vis, it is something which takes in transition metal element 
and organic chelate inthe polymer with chemical bond and it is 
superior at point of making highly concentratedand uniformity. 
In addition, when this plastic optical waveguide is formed on 
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substrate, substrate thesilicon substrate , glass substrate , metal 
sheet , ceramic sheet or plastic sheet like not only ahard 
substrate, using plastic fihn or other flexible ones is possible, 
polymer of this invention is shown with below-mentioned 
(Chemical formula 2) Genera] Formula 
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[0008] (In Formula, as for X as for halogen element or alkoxy 
group and the Rl phenyl group , deuteration phenyl group or 
halogenated phenyl group which are displayed with thealkyl 
group , deuteration alkyl group or halogenated alkyl group , or 
C6 Y5 (As for Y hydrogen , deuterium or halogen element ) 
which are displayedwith CnY2n+l (As for Y as for hydrogen , 
deuterium or halogen element and n positive integer of 5 or 
less) are shown. ) With compound and titanium , chromium , 
manganese , reacting, it canacquire iron or palladium or other 
transition metal halide etc which is displayed. In addition, it car 
acquire polymer compound and transition metal halide and 
thealcohol which are displayed with (Chemical formula 2) 
reacting, with condensation polymerization ofthe polymer and 
halide and alkoxide of various alkoxide which areacquired. 
Furthermore , when n is 6 or more, glass transition temperature 
of thepolymer decreasing, because problem on handling occurs, 
n theS or less is desirable, production method of polymer in 
this invention, it is similar to production method of thegeneral 
polysiloxane, it is something which halide and alkoxide or 
other hydrolysate melts inthe toluene and xylene or other 
organic solvent, polymerizes under existing of potassium 
hydroxide or other catalyst. In addition, as for molecular 
weight of polymer when forming film, inorder to avoid 
cracking, 1 0,000 or greater is desirable, optical waveguide due 
to this invention is produced, passing by 3 step offormation of 
bottom layer cladding to on substrate, formation of core 
andformation of top layer cladding. Below , chasing order, yo 
explain preparation method of optical waveguide ofthe this 
invention concretely. It is not something if it should have been 
something which possessesthe smooth sxirface as substrate in 
order to form bottom layer cladding, especiallymaterial limits. 
Combination for example silicon wafer , quartz glass, 
multicomponent glass , plastic sheet , plastic film , the ceramic 
metal sheet , mineral , or these material can be 
usedappropriately. If it is a low index of reflection by 
comparison with polysiloxane of this invention which isapplied 
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to core as material for cladding which is formed on the 
substrate, it is not something which limits especially material, 
for example polyphenyl silsesquioxane and deuteration 
polyphenyl silsesquioxane etc can be used, cladding layer on 
substrate spin coating after doing, can dry solution 
whichincludes polysiloxane for for example above-mentioned 
cladding on substrate,or can form after soaking substrate in 
above-mentioned solution, bydrying. Regarding to namely, thi: 
invention, it is not something which especially it 
limitsconceming formation method of bottom layer cladding, 
bottom layer cladding which is formed on substrate, being a 
single composition, is good evenwith mixture of polysiloxane 
of multiple. In addition, it is possible to be something which 
laminates polysiloxaneof multiple. On bottom layer cladding 
which was formed by above-mentioned technique, core layeris 
formed. Can form core layer which uses polysiloxane of this 
invention, in same wayas case of bottom layer cladding, to do 
with dipping to in spin coating andthe solution. In addition, 
composition of core layer may be mixed composition of 
polysiloxane ofthe multiple even with single, core layer which 
was formed in this way is processed in desired patterned 
statemaking use of conventional photolithography and dry 
etching technology, wave conduction is done corewhich is 
formed light. It is not something if it should have been a low 
index of refraction by comparison withthe polysiloxane of this 
invention which is used for above-mentioned core asthe 
material for top layer cladding which is formed on these, 
especially materiallimits. As bottom layer it is desirable to use 
same cladding layer, top layer cladding spin coating after doin^ 
can dry solution which includes the for example above- 
mentioned polysiloxane on substrate, or after soaking 
substratein above-mentioned solution, can dry, or when forming 
theabove-mentioned bottom layer cladding, can form with 
technique which is similar. Regarding to namely, this inventioi 
formation method of top layer cladding is not something 
whichespecially is limited. Furthermore , top layer cladding 
which is formed, even in may be theblend of polysiloxane of 
multiple, to be something which in additionlaminates 
polysiloxane of multiple is possible. INDEX 164 
TRANSLATED AS: single composition... 
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[3gBI«] isiT. **P-«a)$iS«£*lf. ih\zm»^ [Working Example(s)l Below, you list Working Example of thi 

(ciftwr SA^ *»WI*::*ib(Z)3glB«lcK£*H* t s invention, furthermore explainconcretely, but this invention 

(D'l'tt^L^o is not something which is limited in theseWorking Example. 

( tK 'J SliiW 1 > 100ml(D77X3lc^ [Polymer production Example 1 ] You inserted phenyl trichloro 

X— ;u h »J ^ p;i/ V7 > 1 0 g , ^fSiitf-^ > (IV) 5 silane lOg, titanium tetrachloride (IV)50 mg , potassium 

0 m g . *Kib* U'iAIOOmg. h ^Ux > 1 5 m I hydroxide 100 mg and toluene 1 5 ml in theflask of content 

*A*i, 1 eePplSSSLfco C<05Sa* 5 O Om l (D7X approximately 100 ml, 1 6 hours circulation did. Until water 

iZ'p^-f-o^SiTLtzO^s 2 00m I (D h;i/X>^^)D^ layer becomes neutral, this solution after at a time thetrace 

. 7kS;{)<«t±i:4'5*"C5t»l::*25t$fiofco hil'X^ dripping to water of 500 ml, including toluene of the200 ml, 
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water wash was done in satisfactory, fraction collection * 
concentrating toluene layer, 2 4 hours circulation it did 
including thepotassium hydroxide 10 mg. reprecipitation it did 
by pouring solution which is acquired intothe methanol, 
weight average molecular weight Mw and dispersed Mw/Mn (/ 
for Mn number average molecular weight ) of polymer which 
isacquired were respective 23000 and 1 .3. In addition, this 
polymer it showed high heat resistance, 1 hour heatedwith 300 
°C and could not recognize weight change completely. 

[0010] [Polymer production Example 2 to 6] Metal compound 
of starting material other than making chromium(III) chloride 
hexahydrate , manganese(II) chloride tetrahydrate , the ferrous 
chloride (II) tetrahydrate , ferric chloride (III) hexahydrate 
and palladium(II) chloride, polymer was acquired to similar 
tolhe polymer production Example 1. property value of 
polymer which is acquired was almost similarto polymer 
production Example 1 . Collecting result, it shows in Table 1 . 

[00 1 1 ] [Polymer production example 7 to 1 2] Other than desi 
gnating monomer of starting material as deuteration phenyl 
trichlorosilane d - 5, deuteration polymerwas acquired to similai 
to polymer production Examples 1 to 6. property value of 
polymer which is acquired was abnost similarto polymer 
production Examples 1 to 6. Collecting result, it shows in 
Table 1. 
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[Table 1] 
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[0013] [Working Example 1] Polymer which is acquired with 
polymer production Example 1 optical waveguide which 
designatesthe core component and polypheny! silsesquioxane 
as cladding component was produced, polymer of above- 
mentioned 2 kinds, was melted in methyl isobutyl 
ketonerespectively. First cladding component polymer, was 
applied to thickness of approximately 15 m onthe silicon 
substrate. After drying and baking , on cladding component 
polymer, core component polymer was applied to thediickness 
of approximately 8 m. Next, core component polymer was 
processed in straight line rectangular pattern of length SO nrmi , 
width 8 m andthe height 8 m with photolithography 
and dry etching . After processing, cladding component was 
applied on core component polymer and optical waveguide 
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wasacquired. From one end of this optical waveguide when 
incidence it does laser light of the 1 .9 m, radiation of light of 
0.63 m was verified from edge surface ofthe another. In 
addition, 10 times after doing heat cycle test of - 20 °C to 
1 50 there wasnot what change in above-mentioned optical 
waveguide characteristic . 

[0014] [Working Example 2 to 6] Other than designating pol 
ymer which is acquired with polymer production Example 2 to < 
asthe core component, it produced optical waveguide to similar 
to Working Example 1, it verifiedthat it is nonlinear optics 
characteristic and heat resistance which are similar to Working 
Example 1 . Collecting result to Table 2, it shows. 

[0015] [Working Example 7 to 12] It designated polymer whi 
ch is acquired with polymer production example 7 to 12as core 
component, it produced optical waveguide which designates 
deuteration polyphenyl silsesquioxane as thecladding 
component, in same way as Working Example 1 . You 
appraised nonlinear optics characteristic and heat resistance, 
you acquired result whichis similar to Working Example 1 to 6 
Collecting result to Table 2, it shows. 
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[0017] 

[Effects of the Invention] As though above you explained in de 
tail, as for polymeric material of polysiloxane-basedwhich 
includes transition metal element of this invention, because 
nonlinear optics characteristic and heat resistanceare held, it is 
possible to produce active type circuit element * optical 
component which isnecessary for high speed optical switching 
and optical modulation by using these optical material, it 
becomespossible to form optical system where application 
range is wide. 



[Brief Explanation of the Drawing(s)] 

[Figure 1] Schematic diagram which shows constitution of opti- 
al waveguide which is producedwith Working Example of this 
invention. 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.ll 



t 



94256523A Machine Translation 

m 1 



.2 -TJa^^-y K 




1 -Sfi 



II] 



[Explanation of Reference Signs in Drawings] 
1... substrate 

2... bottom layer cladding 
3,.. core 

4.., top layer cladding 



[Figure 1] 
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